1-band Mobile Terminal Autennas for Yelicopters

‘1'.1{. Wu, K. Farazian, N. Golshan, I). Divsalar, S. Hincdi

Jet Propulsion 1aboratory
Californialustitute of Techmology
4800 Oak Grove 1X.
Pasadena, CA 91109
11, (818) 34-126]

FAX (818)393-687S

ABSTRACY

The feasibility of using alow gain
antenna (1 .GA) as amobile terminal antenma
for helicopter is described in this paper. ‘1 he
objectives a1 e (1) to sclect the lowest cost
antcnna system which can be easily mounted
on a helicopter and capable of conmunicating
with a satellite, and (2.) to determine the best
antenna position on the. helicopter to mitigate
the signal blockage duc to J otor blades and
the multipath cffect from the helicopter’s
body. The omni-ditectional low gain antenna
(1 GA) is sclected because it is simple,
1cliable and low cost. The helix antenna 1S
sclected among the many 1.GAs, because it is
the most ecconomical one and has the. widest
clevation beamwidth. Both 2-arm and 4-aimn
helices a1 ¢ studied  experimentally  to
determine the antenna’s performance and the
scattering effects f romthe helicopter’s body.
It is found that the 1.GA should be located
near the. tail section and at least 8" above the
helicopter.,

INTRODUCTION

Helicopter satellite. Collll]l]]licatic)JI(}1-
SATCOM) is of cuirent concern, sinee it has
myriad applications, such as,emergency and
lescue  missions, off-shore  diilling, fire
fighting, 1rapid access, passenger

transpor lation, ete.  Yor example, the
Nor wegian ait t1affic conti ollers (A1Cs)are
monitor ing helicopter trips aci 0ss the. North
Sca to 0l platforms using position data sent
automatically {1 om the helicopters to ATCs
v i a the Jutainational Maritime Satellite
(Inmazaisat) {1].

Jet P1oopulsion 1 aboratory (JF1.),
under a contiact with the Federal Aviation
Administration (FAA), is conducting a study
of implementing a very low-cost, small-size,
lipht-weight, 1eal-time colmmunication system
specifically for 1 1-SATCOM. In this paper,
the. feasibility of using) (GAs fo11}- SATCOM
isstudied. lere the helicopter’s banking angle
IS assumed fo be 2 60° and the. satellite IS the
Inmarsat or Awmerican Mobile  Satellite
Corporation (AMSC) o1 the. 1 .ow a1 th O1bit
(1,] (O) IRIDIUM satellite. Therequitements
for the helicopter antennas aic (1) complying,
with industiy standar ds, c.g., ARINC 741 and
Inmarsat 1. GA’s sprecs foracronautical mobile
terminals [2), (2) 1 oviding a 0 dBic gain in
360° azimuthal and from zenith to 40° below
horizon, (3) the transmit and 1eceive
ficquencies being 1.62-1 .6'/ and 1.S3- 1.56
Gl Jz, 1 espeetively, the transmit power being,
19.2 watts, (4) the VSWR being 1.5:1, (S)
small-size, (6) light-weight, and (7) low-cost.

There are twoO unique technical
challenges in the determination of the best
helicopter  antenna location. Fist 1S the




periodic  signal fading caused by the
helicopter’s rotor blades. Second pr oblem is
the. multipath caused by the scatier jng from
the complicated shape of the. hiclicopter body.
Thus the. antenna study objectives are (1) to
sclect the low-cost, light-weight, and small-
size ante.n~ia system fo111- SATCOM, and (2)
todetermine the. best antenna position on the
helicopter to minimize the mitigate. signal
blockage due to r1otor blades and the
multipath cffect fiom the helicopter’s body.
The study iesults are summanzed in the
following sections.

ANTENNA SIC] .JECTION

Toensurethat al the antenna options
are considered, the 1 GAS, the stecrable
medium-gain  antennas [3] and high gain
reflector antennas [4] are allincluded in this
exhau Stive survey. Both J’], ant] Antenna
Industiy publications in t h i s specific
app lication were studied. The high gain (= 20
dB)1ef lector antennas in 1 -band a1 ¢ usually
very large in sive (@t least §* in diameter and
1.25’in height) and heavy in weight. In
addition, a bulky and expensive tracking
system 1S needed tosteer this reflecton
antenna beam 1o the satellite direction. Thus
it iS not suitable for helicopter use.

Ingeneral, the. medium-~ain antennas
(including mechanically and clectronically
steered arsays [3]) aremor ¢ expensive and
less reliable than a low gain antenna duc to
the fact that an additional tracking system IS
1cquit ed to steer the narrow antenna beam to
the. satellite direction. However, the omni-
directional 1.GAs, as summarized in TAB] I¢
1, are simple, leliable. and)ow cost.
Fur th ermore, the low-gain antennas are
typically ten times smaller than the medium-
gain antennas. This makes the mounting of
the antenna on the helicopter J elatively
casicr. Therefore, the Jow gain antenn as are
sclected for the. H-SATCOM.

Figuie2 shows a typical car dioid
pattern of a4-aim helix (volute) antenna, as

depicted in Figu 1¢ 2 [4). YVigm ¢ 3 shows a
donut shaped pattein of a4-arm conical spiral
antenna [5]. Note. that one can change the
shape, size o1 pitch angle of a o1 ossed dipole
ot helix antenna 10 optimize the gainin the.
desired directions. The 2-arm helix and the
¢ ossed diooping dipole antennas have the
widest bandwidth (covering both the transinit
and 1cecive frequencies). The 4-arm helix
antenna is bandwidth limited and hence
requires two antennas for uplink  and
downliuk. But it iS attractive since it only cost
about $20. Since the helix antenna has the
lowest cost, it is sclected for the helicopter
use. It is also possible to use multiple.
antennas o1 antennas in conjunction with a
gyso o compass to compensate for the
helicopter ‘Smanecuver S. Nlowever, ducto cost
and complexity it iS desirable to have one m,
two antennas without a tracking system.

NEDIX ANTENNA TEST RESULTS

Several “off-the-shc)f helix antennas
were te.steel inan out-door far-ficld 1 ange.
Figures 4 and S are the measured 1adiation
pattern of a 4-a1m helix antenna without and
with @ 2,3" by 23" g1 ound planc, respectively.
Figure 6 snows the sever ¢ pattein distor tion
as the helix antenna is placed 4" above the
ground planc. Figure 7 shows the measurcd 2-
arm helix antenna a 1.5754 Gllz. Yrom this
test data, we know that this helix antenna has
about 2.1 dBic peak gain, 5 dB3 axial ratio
above horizon, and 140° half- power
beamwidth. It scems that this antenna is
designed  t o h ave optimized circular
polalizations a 45° cone angle. The measued
helix antenna performances arc summmarized
in TABI1{ 2. Note that scveral mino
discrepancies a1c observed as compat ed o
TABLI |. Yirst, for the 4-arm helix antenna,
the. peak gain is about 0.8 dB3 lower and the
half-power beamwidth (11 PBW) iS about 10°
smaller. For the 2-arm helix antenna, the
1PBW is about 20° smaller and the axial
J atio is aboutone dB worse. J hese mino




disciepancics may be attributed to the
measurcment tolerance and uncer tainty. This
also implies that extra link margin should be
considered for the 11- SATCOM system
design. The helix antenna shouvld also be
placed at least 8 away f1 om the helicopterin
m der 10 minimize the ground plane effects.

CONCJUSION and RECOMMENDATION

The helix antenna is selected for 11-
SATCOM, since it is small-size, light-weight,
and low-cost. Several off-the-shc.]f helix
antennas were also tested. None of these
antennas will1emotely meet the} 1-SATCOM
antenna requirements. But onc can change
the shape, size, or pitch angle of the helix
antenna to meet the 1 equirements. The 0 dBic
clevation beamwidth of a single helix antenna
IS 140°. Thus two helix antennas arc needed
to provide a 220° coverage. Since the helix
antenna’s radiation pattein iS verydependent
onthe nearby scattering objects, it is
app1 opriate to condu ct a scale model test (0J
full sized test) and a numerical study to
precisely determine the blockage effect of the
rotor blades and the helicopter body. The
rational for doing this task is that via the
scale model testing we can efficiently
determine the best antenna position and
performance on the. helicopter for SATCOM
and also validate. the numerical modeling

softwal ¢. Whenever a diffcrent helicopter or
antenna is superimposed, 1unning the
compu ter model is th ¢ most ef ficien t an d
cost- effective way to provide the SA’J'COM
system designer the necessary and accurate
antenna performance data,
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TABLE 1. I-band mobile antenna summary

Antenna Type® Size (cm) Gain Rand- HPBW | Axial Beam (pattern) Cost ($/unit)®
s =emme | (R) width | () Ratio | Shape

HT | Dia (%) dn) )
Mechanically Steered Beamir
Steered Anay A7
1.Yagi Array 3.8 83 2 10 625 40 4 450
2.TiltArray 15 51 z 10 6.2s 40 3 600
Electronically Stecred Beam ir
Steered Array Both AZ and El
1.Ball 3.3 61 8 6.2S 40 4 1600
2.Teledyne 18 5 4128 6.2s 40 4 1800

Low-Gain Omni

1.Crossed Dipole | 12 8 x4 2s 100 7 Cardioid/Donut 400
2.Helix (2-arm) 152 5.1 2 28 160 4 Cardioid/Donut 150
3. Helix (4-arm) 9 s 4s 13 1s0 4 Cardioid/Donutl 20
4. Conical Spiral

(2-arm) 14 6.9 38 6.25 160 4 Cardioid 300
S. Conical Spiral ]

(4-arm) 1s.7 12.9 4.5 €258 40 4.5 Donut 400
6. Cavity Backed

dot 0.8 83 2 6.25 120 4 Cardioid 1451

L T TR R T3Treeeenins eIt [ e— JR—

a. All the antenna s are right-hand cicularly polarized.
b. The cost of each antenna unit isa ROM cost based on producing 10,000 units per year over a five-year period.

TABIE 2, Summary of Helix Antenna’s Performances

Antenna Frequency | AmaBRaRatio Bandwidth | Peak Gain | HPBW

Type Gllz, dB GHz dB degree

4-arm Helix | 1.57 4 7 006 |37 140
5 0.24 2.1 | 140

2-arm Helix 1.62




. Fig.2 Typica cardioid pattern
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Fig.4 Measured 4-arm helix pattern
No ground planc

Fig.3 Typica donut shaped pattern of
conical spiral antenna
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Fig, 6 Measured 4-arm helix antenna pattern at 1.575 GHz
antenna right above the finite ground plane

YTy
+8.

-fp.eC11a L1

~18¢. 00

TTITPTVIIYIITE 130 Trery reYrrysy TYrITIT FIryYrvyIqQrrreryTy

[REERPS R NEE RN RW]

-135.00 -s0.00

NN RPN}

-45.80
SC AN AN

al anve b oo o coon

18, 08

+45, 80 498,00 4135.80
GLE ( DEGS )

Fig. 7 Measured 2-arm helix antenna pattern
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